Previous studies have shown a relationship between osteoporosis and increased mortality risk. However, none of these studies performed a concomitant evaluation of the parathyroid hormone (PTH)-calcium-vitamin D axis and bone mass to accurately determine the contribution of each of these parameters to survival in older subjects. Thus, we sought to investigate the association between bone parameters and mortality in a longitudinal, prospective, population-based cohort of 839 elderly subjects. Clinical data (including history of fractures and cardiovascular events) were assessed using a specific questionnaire. Laboratory exams, including serum 25OHD and PTH, were also performed. Bone mineral density (BMD) at the lumbar spine and hip were evaluated using DXA. All analyses were performed at baseline (2005 to 2007). Mortality was recorded during follow-up. Multivariate Cox proportional regression was used to compute hazard ratios for all-cause and cardiovascular mortality. Over a mean 4.06 AE 1.07 years, there were 132 (15.7%) deaths. These individuals were compared to 707 subjects who were alive at the end of the coverage period for mortality data collection. In a multivariate Cox proportional hazards model, age (HR 1.32; 95% CI, 1.13 to 1.55; p ¼ 0.001, for each 5-year increase), male gender (HR 1.90; 95% CI, 1.30 to 2.79; p ¼ 0.001), recurrent falls (more than two in the previous year; HR 1.65; 95% CI, 1.06 to 2.56; p ¼ 0.026), diabetes mellitus (HR 2.17; 95% CI, 1.46 to 3.21; p < 0.001), low physical activity score (HR 1.78; 95% CI, 1.14 to 2.79; p ¼ 0.011), prior cardiovascular event (HR 1.76; 95% CI, 1.18 to 2.63; p ¼ 0.006), total hip BMD (HR 1.41; 95% CI, 1.15 to 1.72; p ¼ 0.001, per each 1 SD decrease), and intact PTH (iPTH) (HR 1.06; 95% CI, 1.04 to 1.08; p < 0.001, per each 10 pg/mL increase) were independently associated with all-cause mortality. The subjects in the highest quartile of PTH (>49 pg/mL) were at a higher risk of cardiovascular death (HR 3.09; 95% CI, 1.36 to 6.99; p ¼ 0.007) compared with the subjects in the lowest quartile (<26 pg/mL). Low BMD and higher PTH were significantly associated with mortality in community-dwelling older adults. These findings support the notion that careful screening of these bone parameters might lead to better management of older patients and improve outcomes in this population.
Introduction
O steoporotic fractures, particularly hip and vertebral fractures, are linked with adverse outcomes (1) (2) (3) including increased mortality. (1, (4) (5) (6) Low bone mineral density (BMD) has also been associated with an increased mortality risk independent of fragility fracture. (7) (8) (9) (10) However, the majority of studies concerning low BMD and mortality have focused on white populations (9, 11) ; a smaller number have included ethnic minorities. (12, 13) Some epidemiological studies have also suggested that mineral metabolism biomarkers, especially low serum 25-hydroxyvitamin D (25OHD) concentrations and higher intact parathyroid hormone (iPTH) levels, separately or in combination, are related to mortality among institutionalized older adults (14) and community-dwelling elderly people without primary hyperparathyroidism. (15) Several biological mechanisms have been proposed to explain a possible causal relationship between vitamin D deficiency or elevated PTH and increased mortality risk, especially cardiovascular features, including atherosclerosis, (16, 17) left ventricular hypertrophy, (18, 19) and arterial stiffness and hypertension. (20) However, these associations between bone parameters (BMD, 25OHD, and iPTH) and mortality in the general population are still controversial. (21, 22) Moreover, previous studies of mineral metabolism and mortality risk have generally evaluated BMD, 25OHD, and iPTH concentrations separately. No study has performed a concomitant evaluation of the PTH-calcium-vitamin D axis and bone mass, and this is essential for determining the contribution of each of these parameters to survival in older subjects. Thus, in the present study, we investigated BMD, bone metabolism biomarkers, and clinical variables as potential independent predictors of all-cause and cardiovascular mortality in a population-based cohort of community-dwelling elderly men and women in Sao Paulo, Brazil.
Subjects and Methods

Subjects
From June 2005 to July 2007, a total of 1025 older subjects were enrolled in the São Paulo Ageing & Health (SPAH) Study, a prevalence survey of osteoporotic fractures. Details about the methodology have been described elsewhere. (23) Briefly, the SPAH recruited all residents !65 years from 66 census areas in the Butantã district, an urban neighborhood in the city of São Paulo (located in the south of Brazil). During the first stages of the study, all older adults living in the district were identified through census records. This sample was similar in age, gender, and social class characteristics to the entire Brazilian elderly population. (24) Only well-functioning elderly men and women who were able to visit the research center were recruited to participate in this study. All of the subjects completed an interviewer-administered lifestyle questionnaire, laboratory tests, BMD tests, and spinal radiographs performed on the same day.
Between 2010 and 2012, all of the subjects were invited to participate in a second evaluation. Individuals were recruited by telephone calls and door-to-door visits. They were brought from their homes to the research center via a shuttle service specifically hired for the study. Of the 1025 participants in the first study, 707 (69.0% of the original cohort) agreed to take part in the prospective assessment. Because of varying dates of completion of the baseline survey, the period between baseline and the second appraisal varied among the participants (range, 0.2 to 6.5 years, average 4.06 AE 1.07 years). The coverage period for mortality data collection was from the date of the baseline examination through December 31, 2012 . At the end of that period, 132 (12.9%) individuals had died, and 168 (16.4%) could not be contacted because they were living outside of São Paulo (lost to follow-up). Those who could not be contacted were not known to be alive at the time that analysis was censored; thus, they were excluded from the study. Of the 725 subjects who agreed to participate in the second evaluation, 18 (1.8%) were excluded because of a lack of some baseline laboratory or BMD data. Figure 1 shows a flowchart of the study.
This study was approved by the Local Ethics in Research Committee of the São Paulo University School of Medicine, and all participants gave written informed consent.
Baseline clinical assessment
At baseline, all of the participants (23, 24) underwent a standardized interviewer-administered questionnaire that ascertained lifestyle and health behaviors, including age, dairy product consumption, smoking status, alcohol consumption, physical activity, previous nonvertebral fracture, hip fracture in firstdegree relatives, falls during the previous year, comorbidities (including any cardiovascular event: myocardial infarction, unstable angina, or stroke), and current medication use. The individuals were asked to bring all medications to the baseline clinic visit. Details about the ascertainment of these baseline characteristics were provided previously.
Hypertension was determined based on self-reported physiciandiagnosed hypertension, elevated average blood pressure measurement at examination (systolic !140 mmHg or diastolic !90 mmHg), or a history of recent blood pressure medication use. One to three blood pressure measurements were performed during data collection. Diabetes mellitus was defined as selfreported physician-diagnosed diabetes mellitus (except gestational diabetes only) or a fasting (12 hours) blood glucose of 126 mg/dL or greater. Hyperlipidemia was defined as self-reported physician-diagnosed high cholesterol, non-high-density lipoprotein (HDL) cholesterol of 160 mg/dL or greater, triglycerides of 200 mg/dL or greater, or current use of lipid-lowering medication.
The height, weight, and body mass index (BMI) of each participant were measured using standard protocols. BMI was calculated by dividing the participants' weight (kg) by their height squared (m fracture assessment. A consensus was reached between the readers for any difference of interpretation. The readers evaluated each T 4 -L 4 vertebrae image to determine whether it contained a fracture, using Genant's semiquantitative approach. (25) The reliability between readers was analyzed using a random subsample of 60 X-ray images, as described. Interobserver agreement was 96%, and the kappa coefficient was 0.83. (23) Baseline laboratorial evaluation Blood samples were collected under fasting conditions (between 8:00 a.m. and 10:00 a.m.) and stored at -70°C until analysis.
The concentrations of serum calcium (adjusted for the albumin concentration), phosphorus, alkaline phosphatase, creatinine, total cholesterol, HDL, triglycerides, albumin, and glucose were determined using standard automated laboratory methods. (23, 24) The estimated glomerular filtration rate (eGFR) was calculated using the Cockroft-Gault equation (25) The serum concentration of 25OHD was measured using the radioimmunoassay technique (DiaSorin, Stillwater, MN, USA) with a lower detection limit of 5 ng/mL. iPTH serum concentrations were measured using immunoradiometric assay (ELSA-PTH; CIS bio international, Paris, France) with reference interval of 11 to 65 pg/mL (reference range of the kit tests). (23, 24) BMD and body composition At baseline, BMD was determined by dual energy X-ray absorptiometry (DXA) using Hologic QDR 4500A densitometry equipment (Discovery model; Hologic Inc. Bedford, MA, USA) at the following regions: lumbar spine, femoral neck, total hip, and total body. All DXA measurements were performed by the same experienced technologist V.C. (23, 24) Outcomes At the end of the field data collection, mortality data of the original SPAH cohort was collected from the death certificates ascertained by the publicly available databases of the Programa de Aprimoramento das InformaS cões de Mortalidade no Munic ıpio de São Paulo (PRO-AIM, Improvement Program of Information on Mortality in São Paulo) Foundation, the organ responsible for vital statistics, operating under the auspices of the São Paulo State Secretary of Economics and Planning. The underlying cause of death was coded using the 10th revision of the International Classification of Diseases (ICD-10). Cardiovascular (CVD) mortality was defined as ICD-10 codes I00 to I99 and non-CVD mortality as all other causes of death.
The outcome for the cohort was to examine the relationship between baseline characteristics (including mineral metabolism parameters) with incident all-cause mortality and specifically cardiovascular causes of death during the follow-up period. (27) 25OHD levels were analyzed as a continuous variable, as quartiles and as clinical categories, as suggested by Holick and colleagues (28) : normal (!30 ng/mL), insufficient (>20 to <30 ng/mL), or deficient ( 20 ng/mL). iPTH was analyzed as quartiles. To investigate the influence of clinically high iPTH levels on the risk of mortality, the concentrations of iPTH were stratified as 65 versus >65 pg/mL because 65 pg/mL represents the upper limit of normal for the assay based on the central 95% of values of healthy subjects who had normal 25OHD concentrations. (29) BMD was analyzed as a continuous variable, with the hazard ratio (HR) reported per SD decrease, as quartiles, and as clinical categories according to T-score at each site: normal, with a T-score at or below -1.0; osteopenia, with a T-score between -1 SD and -2.5 SD; or osteoporosis, with a T-score at or below -2.5. (30) Appendicular skeletal muscle mass (ASM) was calculated as the sum of the lean soft-tissue mass of the arms and legs, assuming that all nonfat and nonbone tissue is skeletal muscle. Low ASM was defined using the ASM adjusted for fat criteria, which is appropriate for discriminating sarcopenia in the older Brazilian population, as we have described elsewhere. (31, 32) The subjects contributed follow-up time (person-years) from the date of participation in the baseline survey to the point of last contact, which was either the date of the second interviewer-administered questionnaire or the date of death. The association between each baseline variable and mortality outcomes was evaluated using a simple (unadjusted) Cox proportional hazards analysis. An actuarial analysis was used to plot Kaplan-Meier curves for survival by each variable, and the survival curves were compared using log-rank tests. Multivariable Cox proportional models were constructed to define which variables were independently associated with mortality. All variables were included in the preliminary model and backward likelihood ratio was used to determine those factors in the final model by stepwise selection method (Supporting Table 1 ). The entry criteria was p < 0.05 and the removal criteria was p > 0.10. Two different final multivariable models were defined: all-cause mortality and cardiovascular mortality.
Significance was set at p < 0.05. All analyses were performed using SPSS software version 20.0 for Windows (IBM Corp, Armonk, NY, USA).
Results
During a mean of 4.06 AE 1.07 years of follow-up, there were 132 (15.7%) deaths among the 839 participants, of which 57 (43.2%) were related to CVD. The remaining 75 non-cardiovascular deaths could not be further stratified according to other causes (eg, cancer, infection) for valid analysis because of the small number of observations for each cause.
The baseline differences between the individuals who survived the follow-up and those who died are shown in Table 1 . Compared with the surviving participants, the deceased subjects were older, were more frequently men, and had a lower BMI, a higher prevalence of recurrent falls, a low physical activity score, an alcohol intake !3 units/day, diabetes mellitus, and a prior cardiovascular event. These individuals also had a lower eGFR, lower 25OHD, higher iPTH, and lower BMD at the femoral neck and total hip.
All-cause mortality
The association between baseline characteristics and all-cause mortality are presented in Table 2 . Older age, male gender, lower BMI, low physical activity score, recurrent falls, clinical fracture (hip, humerus), alcohol consumption, diabetes mellitus, cardiovascular event, lower eGFR, higher iPTH, lower 25OHD, and lower total hip BMD were most strongly associated with allcause mortality (all p < 0.05; Tables 2 and 3 ).
In the multivariate Cox proportional hazards models (Table 4) , age, low physical activity score, recurrent falls, diabetes mellitus, and previous cardiovascular event maintained an independent association with all-cause mortality, even after controlling for potential confounders and intermediate variables.
Of the bone parameters, lower baseline total hip BMD and higher iPTH levels were also predictors of all-cause mortality in the multivariate analysis (Table 4) . Additionally, the adjusted Kaplan-Meier curves ( Fig. 2A-D ) for all-cause mortality according to hip BMD and iPTH showed a divergence of mortality risk among the strata.
Compared with the subjects in the highest quartile (Q4: >0.940 g/cm 2 ) for total hip BMD, the participants in the lowest quartile (Q1: <0.728 g/cm 
Journal of Bone and Mineral Research category (osteoporosis [T-score -2.5] at total hip versus normal BMD [T-score ! -1.0]: HR 3.51; 95% CI, 1.89 to 6.52; p < 0.001; and osteopenia [T-score < -1.0 and > -2.5] versus normal BMD: HR 2.03; 95% CI, 1.28 to 3.22; p ¼ 0.003).
The subjects in the highest quartile for iPTH (Q4: >49 pg/mL) had a significantly increased risk of all-cause mortality (HR 1.75; 95% CI, 1.04 to 2.94; p ¼ 0.037) compared with the participants in the lowest quartile (Q1: <26 pg/mL). There was no increased mortality risk between the highest quartile and the second quartile (Q2: 26 to 35 pg/mL) ( Although the multivariate model showed no significant association between 25OHD levels and the risk of all-cause mortality (Table 4) , an additional analysis was done in order to make sure that vitamin D levels did not influence the relationship between iPTH and mortality. Because more than 50% of subjects did have 25OHD deficiency, the risk factors for mortality were determined after excluding the individuals with 25OHD <20 ng/mL (n ¼ 470). Of 362 subjects with 25OHD !20 ng/mL, 49 (13,5%) had died during the study. As a result, the multivariate Cox proportional hazards models confirmed that iPTH maintained an independent association with allcause mortality (HR 1.12; 95% CI, 1.03 to 1.21; p ¼ 0.007, per each 10-pg/mL increase). Furthermore, after excluding subjects with more severe vitamin D deficiency (25OHD <15 ng/mL) (n ¼ 278), similar results were obtained (HR 1.06; 95% CI, 1.03 to 1.09; p < 0.001, per each 10-pg/mL increase). Thus, the association between iPTH and all-cause mortality was shown to be independent of vitamin D levels even in patients with only normal serum vitamin D levels. The strength of relationship between 25OHD and iPTH was very weak (Spearman's rank correlation coefficient: r ¼ -0.187; p ¼ 0 < 0.001). Moreover, the same analysis was performed with the renal function. After excluding 196 subjects with low eGFR (<45 mL/min/1.73 m 2 ), 576 individuals were analyzed, of whom 69 (12.0%) had died during follow-up. Again, iPTH was retained as predictor of all-cause mortality (HR 1.13; 95% CI, 1.05 to 1.21; p ¼ 0.001, per each 10-pg/mL increase), independently of renal function. The strength of relationship between eGFR and iPTH was very weak (Spearman's rank correlation coefficient: r ¼ -0.105; p ¼ 0.005; Supporting Fig. 1 ).
Cardiovascular mortality
The association between baseline characteristics and cardiovascular mortality are presented in Tables 2 and 3 . Older age, male gender, lower BMI, low physical activity score, clinical fracture (hip, humerus), diabetes mellitus, hypertension, any cardiovascular event, lower eGFR, higher iPTH, and low total hip BMD were most strongly associated with cardiovascular mortality (all p < 0.05).
After adjusting for potential confounders, the multivariate Cox proportional hazards models (Table 5) retained age, male gender, low physical activity score, diabetes mellitus, and previous cardiovascular event as independent risk factors for cardiovascular death.
Higher iPTH levels and low BMD at the total hip were also predictors of cardiovascular mortality in multivariate Cox proportional hazards models. The adjusted Kaplan-Meier curves (Fig 3A-C) for cardiovascular mortality according to hip BMD and iPTH showed a significant difference in mortality risk among the strata.
Compared to subjects with a normal BMD at the total hip (T-score ! -1.0), those with osteopenia (T-score < -1.0 and > -2.5 at total hip) or osteoporosis (T-score -2.5) had an increased risk of cardiovascular mortality (HR 1.98; 95% CI, 1.00 to 3.96; p ¼ 0.054 and HR 2.33; 95% CI, 0.87 to 6.22; p ¼ 0.091, respectively).
The subjects in the highest quartile for iPTH (Q4: >49 pg/mL) were at a higher risk of cardiovascular death (HR 3.09; 95% CI, 1.36 to 6.99; p ¼ 0.007) compared with the subjects in the lowest quartile (Q1: <26 pg/mL). As was the case for overall mortality, there was no significantly increased mortality risk for the individuals in the second quartile (Q2: 26 to 35 pg/mL; HR 1.51; 95% CI, 0.58 to 3.89; p ¼ 0.399) or the third quartile (Q3: 36 to 49 pg/mL; HR 1.54; 95% CI, 0.61 to 3.89; p ¼ 0.366) compared with those in the lowest quartile. The association between iPTH and mortality remained significant when iPTH was analyzed as a continuous variable (HR 1.07; 95% CI, 1.04 to 1.10; p < 0.001, per each 10-pg/mL increase) or when clinical categories were used (>65 pg/mL versus 65: HR 3.17; 95% CI, 1.63 to 6.16; p ¼ 0.001).
Similar to overall mortality, an additional analysis was performed excluding individuals with vitamin D deficiency. Of 561 subjects with 25OHD !15 ng/mL, there were 57 (10.2%) deaths from cardiovascular causes during the study. As a result, the multivariate Cox proportional hazards models retained iPTH as an independent predictor of cardiovascular mortality (HR 1.11; 95% CI, 1.02 to 1.21; p ¼ 0.017, per each 10-pg/mL increase).
Likewise, after excluding individuals with renal dysfunction (eGFR <45 mL/min/1.73 m 2 ), 26 (4.6%) of 576 individuals with eGFR !45 mL/min/1.73 m 2 died during follow-up. In this subsample, iPTH was also retained as risk factor for cardiovascular mortality (HR 1.15; 95% CI, 1.03 to 1.28; p ¼ 0.01, per each 10-pg/mL increase) in the multivariate Cox proportional hazards models.
Hence, the association between iPTH and cardiovascular mortality was shown to be independent of vitamin D levels and renal dysfunction in this population.
Discussion
This study demonstrated for the first time that, in addition to the established clinical risk factors for mortality in the elderly population, low bone density at the hip and higher plasma levels of PTH were independent predictors of all-cause and cardiovascular mortality in a population-based, prospective study of community-dwelling older adults. These effects were independent of recognized cardiovascular predictors of death and risk factors associated with mineral metabolism. Moreover, higher PTH was associated with a higher risk of mortality, even in individuals with PTH in the normal range (plasma levels 50 to 65 pg/mL) without other signs of disturbed bone metabolism, such as abnormal serum calcium, renal dysfunction, or vitamin D deficiency. These findings suggest that plasma levels of PTH provide prognostic information, even in the absence of primary or secondary hyperparathyroidism.
The SPAH is a longitudinal population-based study with several strengths, including a high participation rate and a homogeneous and well-characterized community-dwelling sample that is likely representative of the Brazilian elderly population. (33) Furthermore, in previous studies, the non-exclusion of vitamin D supplementation, bisphosphonate use, primary hyperparathyroidism, and chronic renal disease may hamper interpretation and misrepresent the influence of the pivotal role of PTH and BMD in mortality in the elderly population. Finally, we investigated a more comprehensive set of risk factors, including laboratory and BMD parameters, than those examined in other cohorts. (8, 9, 12, 21, 22) Low proximal femoral BMD was found to be associated with an increased subsequent risk of death from all causes after controlling for age and other potential confounding factors. Several studies have found that baseline BMD is inversely related to subsequent mortality in elderly women and men. (7) (8) (9) 11, 12, 34) Further, in a large cohort of white women 65 years of age and older, a greater decline in BMD was associated with increased mortality from all causes and CVD, regardless of initial BMD. (35) The mechanism of this association is unknown. Studies in the elderly population have found a significant relationship between osteoporosis and mortality in excess, mostly caused by CVD/atherosclerotic diseases (35, 36) and frailty syndrome. (37) Beyond the potential cardiovascular confounders, when studying BMD in relation to mortality, it is important to thoroughly investigate whether a low BMD is not merely a marker of underlying illness. (11, 12) A very ill person will undertake less physical activity, resulting in a lower BMD. In the SPAH population, however, two important parameters related to frailty (low physical activity score and recurrent falls) were predictors of mortality risk, independent of BMD. Other components of the frailty syndrome, such as low appendicular muscle mass and a history of clinical fractures, were not significantly associated with death in this population, most likely because they are confounders for the association between BMD and mortality. In fact, baseline hip and humerus fractures increased the unadjusted risk of overall mortality, but this association was altered by adjustment for BMD. Nevertheless, we did not specifically evaluate the lower limb disability index or self-assessed poor health, which are more precise markers of fragility. Moreover, the relationship between BMD and all-cause mortality was stronger than the relationship between BMD and cardiovascular deaths, although the borderline significance of the risk ratios for cardiovascular death according to the stratification by T-score (osteopenia or osteoporosis) might be related to the limited size of the sample, particularly the number of cardiovascular deaths. Analyzed as a group, the subjects with low bone mass (T-score < -1) had an increased risk of cardiovascular death compared with those with normal BMD. Consequently, further in vitro and in vivo research is needed to determine whether a biological mechanism exists for an independent association between BMD and mortality or whether BMD is a nonspecific indicator of frailty, ill health, or other comorbidities.
Studies investigating the association between circulating PTH and the death risk in elderly persons living in the community are scarce. (15, 21, 22) Here, we described the prospective association between plasma PTH and all-cause and cardiovascular mortality in a community-based sample. Moreover, our data confirmed two previous studies reporting that higher plasma PTH was associated with a higher incidence of death, even in individuals with PTH in the normal range. (15, 22) Several mechanisms have been proposed to explain the link between PTH and mortality, such as atherogenesis via vascular calcification, (38) the induction of left ventricular hypertrophy, (18, 19) renal dysfunction, (39) and noncalcemic effects such as direct effects on vascular smooth muscle cells (40) and impaired myocardial energy utilization. (41) In this study, after adjustment for established cardiovascular risk factors and factors related to mineral homeostasis (including calcium, phosphorus, vitamin D levels, and renal function) in the SPAH study, PTH remained associated with a greater risk of overall and cardiovascular mortality, suggesting that confounding from these factors seems not to explain our findings. However, although no major confounding was detected in our multivariable model, we cannot rule out the possibility of residual confounding from unmeasured factors.
To date, there is no evidence that reducing PTH levels will decrease cardiovascular risk in the general population. Because our study was observational, our results do not allow us to fully determine whether PTH per se is a causal factor or to provide a direct benefit of a reduction of PTH levels. However, the results emphasize that further interventional studies are necessary to examine whether a reduction in PTH levels corresponds to a reduction in cardiovascular events in the community.
Although the lowest quartile of 25OHD levels (<13 ng/mL) was associated with mortality risk in the unadjusted analyses, the multivariate model showed no significant association between 25OHD levels and the risk of all-cause mortality in this cohort, regardless of whether 25OHD was analyzed as quartiles, as clinical categories, or as a continuous variable. This finding contrasts with recent large population-based studies (42) (43) (44) (45) in which lower 25OHD levels were related to a higher mortality risk. A Mendelian randomization analysis of three large Danish cohorts including a impressive number of 95,766 participants suggested that genetically low plasma 25OHD concentrations (lower than 20 nmol/L, that is equivalent to 8 ng/mL) were associated with increased all-cause mortality. (46) These divergent results might be explained by some differences between the current study and previous reports. First, if the association between vitamin D status and mortality could be driven by subjects with 25OHD levels in this extremely low range (<10 ng/mL), we may not have had the ability to detect an effect because of the limited number of individuals with very low 25OHD levels (<20%). Second, unlike some studies, (42, 47) in the SPAH population serum 25OHD was measured using a radioimmunoassay that is considered to overestimate the 25OHD level because the antibody used in the assay also binds 24,25-dihydroxyvitamin D; this limitation could influence the results toward the null hypothesis. Third, unlike some studies that included people with physical disabilities and thus reduced mobility, (14) the SPAH study included only wellfunctioning older subjects, many of whom still held jobs that required sun exposure, which may have been related to higher 25OHD levels. Alternatively, it may be that the limited size of the sample reduced the study's statistical power to detect the association between vitamin D status and mortality. Even though, our finding of non-association between lower 25OHD concentrations and cardiovascular mortality is similar to results of the recent Danish cohort study with sufficient statistical power to detect an association of vitamin D and cardiovascular deaths. (46) Higher iPTH levels are most likely due to low vitamin D levels and/or impaired renal function. Nevertheless, the relationship between PTH and 25OHD levels is complex, and there is a modest association between these hormones. (22) In our data, 25OHD levels were not retained in the final multivariate models after adjustment for other confounders, including BMD and PTH. Even after excluding those individuals of lower levels of 25OHD and eGFR in this cohort, PTH remained as an independent predictor of mortality, suggesting that PTH may be a more important risk factor for mortality or may even mediate the relationship between 25OHD and mortality.
Limitations of the study include the limited sample size and the exclusion of individuals from the original SPAH cohort who were not known to be alive at the time of the censoring analysis. Moreover, plasma PTH levels and other variables involved in bone metabolism were measured only at the baseline assessment, and it is unclear how well a single measurement reflects the PTH levels during the follow-up.
In conclusion, this study showed that low BMD at the hip and higher plasma levels of PTH, but not vitamin D levels per se, were predictors of all-cause and cardiovascular mortality in healthy community-dwelling older adults, independent of vitamin D status, renal function, bone mass, and comorbidities. Taken together, these findings support the notion that more attention should be paid to these factors in clinical practice to improve the management of the elderly population. 
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